Human b-defensin (HBD)-1 is constitutively expressed in the airway, and hBD-1 plays crucial roles in innate immunity against respiratory pathogens. Asthma was associated with DEFB1 polymorphisms in Caucasians. This study investigates whether three single nucleotide polymorphisms (SNPs) in 5 0 -untranslated region of DEFB1 are associated with asthma phenotypes in Chinese children. Subjects aged 5-18 years were recruited from general pediatric clinics. Plasma IgE concentrations were measured by immunoassays. DEFB1 SNPs were characterized by restriction fragment length polymorphism. In all, 305 asthmatics and 156 controls were recruited. For asthma diagnosis, atopy and plasma total IgE, higher percentages of subjects with these outcomes had the minor alleles À20A and À52G (P ¼ 0.041-0.0002). For log-transformed total IgE, the covariate was positive and significant for G-20A under recessive model (P ¼ 0.001) and for G-52A under both recessive and codominant models (P ¼ 0.008 and 0.035). The recessive model covariate was also positive and significant (P ¼ 0.020) for C-44G on peripheral blood eosinophil count. The GCA haplotype of DEFB1 was significantly associated with asthma (odds ratio (95% confidence interval): 1.64 (1.05-2.57); P ¼ 0.029). These results suggest that DEFB1 is a candidate gene for asthma and atopy in children.
Introduction
Asthma is the most common chronic childhood disease in developed countries. 1 Immunologically, asthma is characterized by an imbalance between type 1 (Th1) and type 2 (Th2) T-helper lymphocyte-related cytokines. Airway inflammation is involved, at least in part, in the etiology, pathogenesis, and clinical course of the disease. There has recently been interests in defining the protective roles of early life infections against the susceptibility to asthma and atopy. 2, 3 Microbial components, such as endotoxin drive the immune system towards Th1 cytokine production. 4 Innate immunity plays a key role in the recognition and defense against microbial exposures. Defensins are small cationic antimicrobial peptides that are synthesized initially as prepropeptides and stored in granulocytes, macrophages or epithelial secretory cells. 5 The mature and membraneactive peptides are crucial components of airway mucosal immunity. Defensins are antimicrobial peptides with a broad spectrum of activity against Gram-positive and Gram-negative bacteria, fungi and viruses. 6 Three defensin subfamilies, a-defensins, b-defensins and y-defensins, are expressed in vertebrates. 7 Although classified under distinct gene families, the a-and bdefensins evolved from a common ancestral b-defensin gene. The genes encoding these two subfamilies of defensins are clustered in adjacent regions on chromosome 8p23. 8 The y-defensins are structurally dissimilar to a-and b-defensins, and are expressed only in several Old World primates but not humans. 9 Using bioinformatic approach, Schutte et al. 10 identified 30 b-defensin genes in human. Human bdefensin-1 (hBD-1), a peptide of 68 amino acids, is one of the earliest reported ones that is constitutively expressed in several epithelial tissues including the conducting and respiratory airways. [11] [12] [13] The HBD1 gene (DEFB1; GeneBank accession no. U50931) covers approximately 8 kb on chromosome 8p23.1 and is split into two exons. 8 Exon 1 encodes the signal sequence, and exon 2 encodes the propeptide and mature peptide. Two linkage studies suggested that chromosome region 8p23 contains genes that contribute to asthma and atopy phenotypes. 14, 15 A recent study reported a significant association between asthma diagnosis and DEFB1 polymorphic markers T-1816C and IVS þ 692 in two Caucasian cohorts. 16 The objective of this case-control study is to assess whether the three single-nucleotide polymorphisms (SNPs) rs1799946, rs1800972 and rs11362, located in 5 0 -untranslated region (UTR) of DEFB1, are associated with asthma and atopy phenotypes in Chinese children. A total of 305 patients and 156 controls were recruited,  and Table 1 summarizes their demographic and clinical characteristics. The allele frequencies of À20A, À44G and À52A in our controls were 32.7, 10.5 and 55.4%, respectively. The genotype-allele distribution for DEFB1 polymorphisms followed Hardy-Weinberg equilibrium (HWE) in both patients and controls. All pairwise D 0 for linkage disequilibrium (LD) between three SNPs were high (0.97 for G-52A and G-20A, 0.86 for C-44G and G-20A and 0.99 for G-52A and C-44G).
Results

Study population
Asthma traits and DEFB1 polymorphisms Associations between DEFB1 polymorphisms with different dichotomous asthma and atopy phenotypes were analyzed using multiple logistic regression to adjust for age and gender, and the results are summarized in Table 2 . Two alternative models (recessive and codominant) were fit for each outcome. For asthma diagnosis, atopy and total IgE, higher percentages of the subjects with these outcomes had the minor alleles of À20A and À52G. In general, these associations were much stronger when analyzed by the recessive model. None of the polymorphisms was associated with sensitization to individual allergens. Compared with the upper limits of our in-house references (120 kIU/l for 5-6 years; 160 kIU/l for 6-7 years; 180 kIU/l for X8 years). 17,18 d Plasma samples were unavailable for IgE measurements in six patients. e Results on eosinophil count were not available for 22 subjects. Table 2 Association between asthma and atopy phenotypes and DEFB1 G-20A, C-44G and G-52A genotypes Defined as having eosinophils X5% of total leukocytes in peripheral blood.
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Linear regression models were also fit with the transformed continuous outcome variables, logarithm of total IgE, square root of peripheral blood (PB) eosinophil count, and spirometric variables (Table 3) . For log-transformed total IgE, the covariate was positive and significant for G-20A under the recessive model (P ¼ 0.001) and for G-52A under both the recessive and codominant models (P ¼ 0.008 and 0.035), adjusting for age and gender. The recessive model covariate was also positive and significant (P ¼ 0.020) for the model with square root of PB eosinophil count as the outcome, indicating that those homozygous for the minor allele À44G had significantly higher eosinophil percentage. In view of the fact that the effects of DEFB1 may be genderspecific, 16 this study also performed separate analyses for the above outcomes in males or females. The levels of significance for all positive results as listed above were much weaker in these subgroup analyses, with no significant difference between the two genders (data not shown).
Asthma traits and DEFB1 haplotypes Three-locus haplotypes were used to analyze the associations between DEFB1 and the clinical phenotypes, and results were summarized in Table 4 . Asthma diagnosis was significantly more common among subjects with GCA as compared to ACG (odds ratio (95% CI); 1.64 (1.05-2.57); P ¼ 0.029). Besides, none of the Only showed results for haplotypes with frequencies of X5%.
Asthma, atopy and DEFB1 SNPs in Chinese TF Leung et al haplotypes was associated with other atopy phenotypes in our children. However, the genetic association for GCA haplotype with asthma was much weaker than those for individual SNPs G-20A and G-52A.
Discussion
The genetic variants in 5 0 -UTR of DEFB1 were recently identified in German subjects. 17 The present study is the second to publish significant genetic associations between asthma and atopy and DEFB1, and also reports significant interethnic differences in the frequencies of these SNPs between Chinese and Caucasians. In our children, asthma diagnosis and atopy are significantly more common in subjects with minor alleles for G-20A and G-52A. These subjects also have higher plasma total IgE concentrations. However, these SNPs are not associated with sensitization to individual aeroallergens or deranged spirometric parameters. There is also significant association between asthma and GCA haplotype of DEFB1.
This study is the second one to investigate any association between DEFB1 variants and asthma diagnosis. Levy et al. 16 performed case-control association study between asthma and four haplotype-tagging DEFB1 polymorphisms in two unrelated Caucasian cohorts -Nurses' Health Study (NHS) and Childhood Asthma Management Program (CAMP). They found significant associations between asthma and a 5 0 genomic SNP (T-1816C) and an intronic SNP (IVS þ 692 G/A). However, the minor alleles of these polymorphisms were under-transmitted to children with asthma from CAMP, suggesting a protective effect, but which was in contrary to findings in the NHS cohort. However, the authors did not look at atopy and IgE phenotypes. The present study confirmed using three other SNPs in 5 0 -UTR that DEFB1 was associated with asthma diagnosis in children. This gene was also linked to atopy and plasma total IgE concentration in our children.
This study supports that hBD-1 modulates the susceptibility to develop asthma. DEFB1 is constitutively expressed in airway epithelium, and is upregulated in response to infection or exposure to lipopolysaccharide. HBD-1 appears to play an important role in mucosal immunity in the lung by maintaining a sterile lung environment. 18, 19 Mice deficient in hBD-1 had delayed clearance of Haemophilus influenzae from the lung. 20 The DEFB1 sequence contains nuclear factor interleukin-6 and interferon-d consensus sites, suggesting that inflammatory markers induce hBD-1 expression. 21 In addition, complex interactions between serpins and defensin suggest that defensins also have a role in regulating inflammatory processes within the airway. 22 Several studies suggested that hBD-1 activity is altered in other chronic pulmonary inflammatory diseases. 18, 23 Although there is no known relationship between DEFB1 and the Th2/Th1 lymphocyte-cytokine balance thought to be responsible for asthma and allergic disorders, our findings support a role for DEFB1 in airway inflammation and responsiveness. Although epithelial cells are not considered components of innate immunity, they play an important role in innate lung defenses. Epithelial cells can secrete and respond to a large number of molecules and constitutively express hBD-1 in the airway. 18 Another possible explanation for our findings is that asthma phenotypes may be associated with other genes that are in LD with DEFB1 on chromosome 8p23. The genes encoding a-defensins are among the likely candidates as both a-and b-defensin gene clusters are located close to each other. 8 Neutrophil a-defensins (HNPs) accumulate as the most abundant cationic proteins in azurophil granules, and elevated cationic proteins are associated with airway responsiveness. 24 Although researches focused mainly on the role of eosinophils in asthma pathogenesis, neutrophils were also found to be more abundant in airway secretions and walls of patients with asthma exacerbations. 25, 26 Besides, HNPs are chemotactic for monocytes and T lymphocytes, 27, 28 suggesting a link between these antimicrobial peptides and the recruitment of adaptive immune cells that are capable of directing a long-lasting cellular or humoral response to pathogens. Future studies should be performed to address this possible genetic association between asthma and HNPs.
This study found significant interethnic differences in the frequencies of three SNPs in 5 0 -UTR of DEFB1. Compared with the published data for German, the minor allele frequencies were higher among our Chinese children for G-52A (0.55 versus 0.34) and lower for G-20A (0.33 versus 0.39) and C-44G (0.11 versus 0.27). 17 The allele frequencies for G-52A similarly varied significantly between African Americans and European Americans (see Table 5 ), 29 and 'minor' allele for this SNP in the former population becomes 'major' allele in the latter one. Similar to DEFB1, our group found significant differences in the frequencies of other atopy susceptibility genes, including IL13, TARC and NOS1, even between Chinese and Japanese subjects. [30] [31] [32] Besides, as in previous report, 17 there was strong LD between these dimorphisms resulting in only three combined haplotypes (termed A, B and C). Their frequencies were 0.34, 0.27 and 0.39, respectively. Haplotype 'A' was changed from GCG to ACG and haplotype 'B' from ACA to GCA because of relative abundance of À52A allele in our Chinese population (see Table 4 ). The allele combination for haplotype 'C' remained unchanged (i.e. GGG). These findings highlight the importance to replicate genetic association studies in each population rather than to generalize the reported results when one try to establish the relation between susceptibility genes and complex human diseases such as asthma and atopy.
Patients and methods
Study population
Subjects aged 5-18 years old were recruited from pediatric clinics of a university teaching hospital in Hong Kong. All patients were unrelated, ethnic Chinese who were diagnosed to have asthma according to the American Thoracic Society guideline. 33 Nonallergic controls were selected among children attending the hospital for minor nonrespiratory complaints. All subjects were free from any symptom of infection for 4 weeks before study. Subjects or their parents gave written consent, and the Clinical Research Ethics Committee of our university approved this study.
Atopic markers in peripheral blood
Eosinophils in PB were enumerated using a Coulter STKS counter (Beckman-Coulter, Miami, FL). Plasma total IgE concentration was measured by microparticle immunoassay (IMx analyzer, Abbott Laboratories, Abbott Park, IL) and specific IgE antibodies to Dermatophagoides pteronyssinus, cat and mixed cockroaches were measured by fluorescent enzyme immunoassay (Auto-CAP system, Pharmacia Diagnostics AB, Uppsala, Sweden). Results on plasma total IgE concentrations were compared with age-specific reference values (upper limits of normal: 120 kIU/l for 5-6 years; 160 kIU/l for 6-7 years; 180 kIU/l for X8 years) established in our laboratory, 30, 31 and expressed following log-transformation. Specific IgE concentration X0.35 kIU/l was considered positive, and subjects with Xone allergenspecific IgE were considered atopic.
Spirometry
Asthmatic patients also underwent spirometric assessment (COMPACT II, Vitalograph, Buckingham, England) to measure their FEV 1 and FVC, and results were compared with the reference values for local Chinese children.
34
DEFB1 genotyping DEFB1 polymorphisms were determined in genomic DNA by polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) as described previously.
17 Table 6 summarizes the PCR primers and conditions for the three polymorphic markers in 5 0 -UTR of DEFB1. PCR reactions were carried out in a total volume of 30 ml containing 60 ng DNA, 3 ml 10 Â PCR Gold Buffer, 2.5 mM MgCl 2 , 200 mM of each deoxynucleotide triphosphate, 0.4 mM of each primer, and 1 U of AmpliTaq Gold polymerase (Roche Molecular Systems, Alameda, CA). Samples were denatured at 951C for 10 min followed by 30 cycles of 951C for 60 s, 661C hybridization temperature for 60 s and 721C for 60 s, and a final extension for 10 min at 721C. The 268-bp PCR product was digested overnight at 371C by three restriction enzymes (New England Biolabs, Hitchin, Herts, UK) as shown in Table 6 . A positive control with known genotype was included in every run of restriction enzyme digestion for each of these polymorphisms. The results of RFLP assay were also confirmed by direct sequencing of 5 0 -UTR of DEFB1 using BigDye Terminator Cycle sequencing kits with an ABI-3100 autosequencer (Applied Biosystems, Foster City, CA) in 30 randomly selected samples.
Statistical analysis
Results were expressed as proportions or mean and s.d. Patient characteristics were compared using the Student's t-test or ANOVA for numerical data, and w 2 or Fisher Exact test for categorical variables. HWE for the three DEFB1 polymorphisms in each group was evaluated by the exact test. To investigate the pattern of LD in DEFB1 locus, pairwise LD coefficient was calculated for each SNP pair and expressed as D 0 . The associations between DEFB1 genotypes and dichotomous asthma and related phenotypes were analyzed using logistic regression, and with quantitative traits using linear regression. Logarithmic transformation was carried out before analysis for plasma total IgE and square root for PB eosinophil count in order to achieve data normality. Two Table 6 Summary of primers and protocols for PCR and RFLP for DEFB1 genotyping All digested products were visualized on 3% (w/v) agarose gel containing ethidium bromide.
Asthma, atopy and DEFB1 SNPs in Chinese TF Leung et al alternative models (recessive and codominant) were fitted for each outcome, adjusting for age and gender as covariates. Finally, three-locus haplotype frequencies for DEFB1 G-20A, C-44G and G-52A genotypes were calculated as maximum likelihood estimates using EH program (Rockefeller University, New York, NY). All comparisons were made two-tailed, and P-values o0.05 were considered significant.
